Objective: To evaluate health-related quality of life (HRQoL) in Cushing's syndrome (CS) with the disease-generated CushingQoL questionnaire and to confirm its psychometric properties of test-retest reliability and sensitivity to change. Design: Clinical practice conditions in a tertiary referral center. Methods: The CushingQoL and EuroQoL questionnaires were administered at baseline and during follow-up and correlated with clinical parameters in 59 patients with CS. To check test-retest reliability, stable patients (either biochemically cured or with active hypercortisolism) were evaluated twice. To investigate sensitivity to change, new patients were evaluated at diagnosis and twice more following improvement after successful surgery. Results: At baseline, patients with active disease scored lower (indicating worse HRQoL) than those cured on the CushingQoL (46G14 vs 58G20, P!0.05) but not on the EuroQoL-visual analog scale (VAS; 64G20 vs 70G16, P NS). Test-retest reliability of CushingQoL was confirmed in stable patients, both in the 'cured group' (intraclass correlation coefficient (ICC)Z0.78, nZ34) and in the 'active group' (ICCZ0.66, nZ14). Sensitivity to change was confirmed in the 'improvement group' (nZ11), as the CushingQoL score increased 4G1.5 and 9G3 months after surgery (P!0.01 and !0.001 respectively); the EuroQoL-VAS only improved after 9G3 months (P!0.01). Effect sizes were 1.02 and 1.86 for CushingQoL at 4G1.5 and 9G3 months respectively. Finally, scores of both questionnaires were correlated (rZ0.504; P!0.001).
Introduction
Cushing's syndrome (CS) occurs after chronic exposure to an excess of glucocorticoids (GCs). When endogenous, the cause is usually an adenoma located in the pituitary (causing overproduction of ACTH and known as Cushing's disease), in the adrenals, or more rarely in any other part of the body (ectopic secretion of ACTH by a tumor). Adrenal carcinomas are another rarer cause of CS (1, 2) .
Chronic exposure to GC may produce central obesity, facial plethora (moon face), red striae, thin skin, hypertension, osteoporosis, fatigue, insomnia, depression, anxiety, cognitive problems, lack of libido, and poor health-related quality of life (HRQoL). Although it was initially thought that impairment was only present when the disease was active, recent evidence confirms persistent impairment of HRQoL, even years after biochemical cure (3, 4, 5) .
HRQoL in CS was shown to be impaired with generic questionnaires as the SF-36, the World Health Organization Quality of Life Scale-abbreviated version (WHOQOL-BREF), or the General Health Questionnaire of 28 and 12 items (GHQ-28, GHQ-12) (3, 5, 6, 7, 8, 9, 10, 11) . However, these questionnaires often do not assess specific problems of the disease. Furthermore, as generic questionnaires, they may be less sensitive to clinical changes. Recently, the CushingQoL questionnaire was designed specifically for patients with CS; it initially demonstrated to be feasible, reliable, and valid (12) . This study evaluates the psychometric properties of test-retest reliability and sensitivity to change of the CushingQoL questionnaire in clinical practice conditions.
Materials and methods

Patients
Patients were approached during clinical follow-up visits in the Hospital de Sant Pau between October 2007 and December 2011. The Ethics Committee of the Hospital approved the study; after obtaining the informed consent, patients were asked to complete the CushingQoL questionnaire and the generic EuroQoL questionnaire (13) . Patients were selected if they had completed the questionnaires at least twice during the follow-up at preselected intervals.
To evaluate test-retest reliability, the questionnaires were administrated twice to cured patients ('cured group') and to patients with active hypercortisolism ('active group') to guarantee its use in both populations. Patients were considered biochemically cured after surgery if adrenal insufficiency was demonstrated or if morning cortisol suppression (!50 nmol/l) was observed after 1 mg dexamethasone overnight (14) and if repeated 24-h urinary free cortisol measures were normal (!280 nmol/l). The time between both administrations was 9G3 months for the 'cured group' and 3G1.5 months for the 'active group'.
To evaluate sensitivity to change, patients with active hypercortisolism were investigated at baseline when CS was diagnosed and again 4G1.5 and 9G3 months after successful surgery ('improvement group').
Questionnaires
EuroQoL is a generic, self-administered questionnaire of HRQoL where the patient is asked to evaluate current health. It has been used to investigate multiple diseases as it is short and simple (15) . In the first part, the patient has to evaluate the level of impairment of five dimensions (EuroQoL-5D profile): mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. Each dimension is evaluated as a single item with three possible answers (no impairment, some impairment, and severe impairment). Patients were classified as presenting impairment (some impairment or severe impairment) or no impairment. The second part of the questionnaire consists of a visual analog scale (VAS) similar to a thermometer that goes from 0 to 100 and represents the perceived health status of the patient on that day (EuroQoL-VAS). Patients mark the scale at the point they currently perceive their health, higher scores indicating better QoL.
CushingQoL is a disease-generated, unidimensional, self-administered questionnaire, which consists of 12 items referring to problems relevant to patients with CS, with five categories of response to each item on a Likert scale (related to frequency and degree of agreement with the sentence) (12) . The time frame of the items refers to the previous 4 weeks. Total score is obtained by adding all items (scored from 1 to 5) and therefore ranges from 12 to 60. Scores are subsequently transformed to a scale from 0 (score 12) to 100 (score 60). Higher values correspond to better QoL.
Statistical analysis
Analysis was performed using SPSS 18.0 statistical package for Windows (SPSS, Inc., Chicago, IL, USA). Data distribution was analyzed by the Kolmogorov-Smirnov test. Quantitative data are expressed as mean and S.D. (Gaussian distribution). Comparisons of continuous variables between two groups were performed using Student's t-test and comparisons of categorical variables were performed using the c 2 test. Correlations between continuous variables were analyzed with Pearson's correlation coefficient. In all the comparisons, a P!0.05 was considered statistically significant. Test-retest reliability of the CushingQoL questionnaire was analyzed by the intraclass correlation coefficient (ICC) in both the 'active' and 'cured' groups. Sensitivity to change was evaluated with the effect size of the global score in the 'improvement group'. ANOVA for repeated measures followed by a simple contrast was also used. The effect size was defined as the difference in the mean score between baseline and follow-up divided by the baseline S.D.
Results
All patients who were approached agreed to participate (nZ59, 50 females, age 48.3G12.4 years). Forty-seven suffered with CS of pituitary origin, ten due to an adrenal adenoma, one ectopic ACTH secretion of unknown origin, and one due to ACTH-independent macronodular hyperplasia (AIMAH; Table 1 ). Forty-two had undergone surgery (36 pituitary surgery and six adrenal surgery), 15 had received radiotherapy, 11 were taking hydrocortisone for postoperative adrenal insufficiency, 13 were taking steroidogenesis inhibitors at the moment of the study (five on ketoconazole, three on metyrapone, and five on both), one was taking cabergoline, and another losartan (a male with AIMAH found to respond to angiotensin receptor antagonists). The 'cured group' comprised 34 patients biochemically cured and clinically stable throughout the study period. The 'active group' included 14 patients with active hypercortisolism that did not fulfill cure criteria at any time point when the questionnaires were administered (ten patients taking ketoconazole and/or metyrapone, one on losartan, and one on cabergoline). The 'improvement group' included 11 patients seen at diagnosis who later underwent surgery that cured their hypercortisolism. Details of patients in each group are presented in Table 1 ; there were no differences in age between the groups.
Comparison of patients with active and cured hypercortisolism
All basal scores corresponding to patients with active hypercortisolism ('active group' and basal score of the 'improvement group') were compared with those with cured disease ('cured group'). CushingQoL scores were worse in patients with active disease than in those cured (46G15 vs 58G20, P!0.05). No statistically significant differences were seen in the EuroQoL-VAS (64G20 in active vs 70G16 in cured disease, P NS). Considering all basal evaluations, scores of both questionnaires were correlated (rZ0.504; P!0.001; Fig. 1) .
No difference in frequency of impairments of the EuroQoL-5D profile was found between patients with active and cured hypercortisolism (mobility 48% in active vs 32% in cured patients; self-care, 16 vs 6%; usual activities, 52 vs 32%; anxiety/depression, 64 vs 56%; and pain/discomfort, 56 vs 65%; Fig. 2 ).
Other clinical features
No differences were seen for the EuroQoL-VAS or CushingQoL score between males (nZ9, three with active disease) and females (nZ50, 22 with active disease), or between patients with hypercortisolism of adrenal (nZ10, four with active disease) and pituitary origin (nZ47, 19 with active disease), although there was a trend for lower CushingQoL scores in patients of adrenal origin (PZ0.073). No differences were found between patients who had undergone radiotherapy (nZ15, six with active disease) or not (nZ44, 19 with active disease). No effects on the EuroQoL-VAS or CushingQoL score were seen when cured patients who required hydrocortisone for postoperative adrenal insufficiency (nZ11) were compared with those cured patients who did not (nZ23), or in patients with active hypercortisolism treated with steroidogenesis-inhibiting drugs (nZ13) or not (nZ12). Finally, no correlation was found for CushingQoL or EuroQoL-VAS and age in the 59 patients (rZK0.040, PZNS; rZK0.214, PZNS respectively).
Test-retest reliability 'Cured group' No changes were observed in either questionnaire when first evaluation was compared with the second evaluation 9G3 months later (EuroQoL-VAS, 70G16 and 70G13; CushingQoL, 58G21 and 57G20). The ICC for CushingQoL was 0.78 (P!0.001), indicating an excellent test-retest reliability.
'Active group' No changes were observed either for the scores of the questionnaires in patients with active 
Sensitivity to change ('improvement group')
When presurgery baseline data were compared with follow-up evaluations after endocrine control of hypercortisolism, improvement in the EuroQoL-VAS score was observed at 9G3 months (P!0.01), but not at 4G1.5 months ( Table 2 ). The CushingQoL score improved earlier at 4G1.5 months (P!0.01) and remained significant 9G3 months postsurgery (P!0.001; Fig. 3 ). Effect sizes were 1.02 and 1.86 for CushingQoL at 4 and 9 months respectively. Assuming that an effect size of 0.8 or larger corresponds to a large change, the improvement in CushingQoL score demonstrates the sensitivity to change of the questionnaire. Even though a moderate correlation (Pearson's correlation coefficient of 0.37) was found between baseline and final CushingQoL scores in these 11 patients, we could not confirm that a worse baseline score was associated with a greater improvement after surgery.
Discussion
The psychometric properties of test-retest reliability and sensitivity to change of the CushingQoL questionnaire have been evaluated in clinical practice conditions. Stability of scores over time (test-retest reliability) has been shown in clinically stable patients, both cured and active. Furthermore, a good correlation of the scores of the questionnaire at first and second evaluations was found (ICCZ0.66 for cured patients and ICCZ0.78 for active patients). A shorter interval was chosen for reevaluation in the 'active group' (3G1.5 vs 9G3 months) as the aim of treatment is to normalize cortisol in the shortest time possible, so that few patients remained active after 5-6 months of medical therapy.
Sensitivity to change has also been confirmed in CS patients who underwent successful surgery and who were followed over the subsequent year at different time points. In these patients, improvement was demonstrated earlier with the CushingQoL questionnaire than with the EuroQoL-VAS. This suggests that the items included in the specific CushingQoL questionnaire are more sensitive than those of the generic questionnaire in detecting perceived HRQoL, as has been observed in pituitary diseases for which disease-generated questionnaires are available (15, 16) .
As expected, patients with active hypercortisolism scored worse on the CushingQoL questionnaire than biochemically cured patients. Similar results were found in recent studies using CushingQoL, with a mean score of 39G17 for active patients and 52G18 for cured patients (17, 18) . Nevertheless, up to two-thirds of cured patients still have limitations in the dimensions evaluated by the EuroQoL-5D profile, especially for pain/discomfort, which tends to be higher in surgically cured patients (65%) than in active disease (56%). These data confirm that biochemical cure of hypercortisolism after treatment for CS is not associated with complete normalization of HRQoL. In fact, HRQoL in cured CS patients has been reported to be worse than in normal population and in other pituitary tumors, using several generic questionnaires (3, 4, 5, 19) . One study found that HRQoL was impaired in all items, except pain (measured by SF-36) and sleep (Nottingham Health Profile questionnaire) in cured CS patients compared with controls (4) . Other data demonstrate that HRQoL measured by SF-36 improved but was still impaired after transsphenoidal surgery when compared with reference values (3) . Furthermore, improvement after surgery has been shown not to be immediate. Fatigability in some patients after bilateral adrenalectomy may take several months or longer to resolve (9); indeed, fatigability was still reported in 46% of the patients 1 year after surgery (19) .
No differences between males and females for either the CushingQoL or EuroQoL-VAS scores were found, although as expected in CS, there was a clear female preponderance (85% of the patients). In general, HRQoL is usually more impaired in women than in men. But reports in patients with CS are conflicting; while in a cohort of 58 patients with cured Cushing's disease, women did show worse scores than men in one of (17) . We found no correlations between the questionnaires and age, or differences related to prior radiotherapy treatment, in accordance with a previous report in which 11 of the 58 patients were irradiated (4) . Patients with CS of adrenal origin tended to have lower QoL scores than those of pituitary origin, but no significant differences were found, in agreement with a larger European study (17) . Patients who were adrenal insufficient after surgery and required hydrocortisone did not differ in the CushingQoL score and EuroQoL-VAS compared with those who were eucortisolemic. Previous studies have reported no effects of hydrocortisone substitution on QoL in CS (3, 18) but also that adrenal insufficiency in general, as well as Addison's disease and hypopituitarism, are related to worse HRQoL (4, 20) . No effect of cortisol-lowering drugs, like metyrapone and ketoconazole, was observed when comparing patients who were treated or not with these drugs, even though the groups were small. Probably, the great burden of the disease negatively influences QoL to a greater extent than all these other factors. In fact, CS probably determines impaired HRQoL in a multifactorial way, including physical and psychological problems, as well as the necessity to undergo repeated testing and check-ups, and the need for chronic medication.
A limitation of this study was the small sample size especially of the 'active group' and the 'improvement group', which is difficult to avoid in a rare disease as CS followed in a single center. An effect of age, gender, origin, concomitant medications, radiotherapy, or a worse baseline CushingQoL score cannot be ruled out completely and larger multicentric studies would be required to understand the influence of these factors on HRQoL in CS. Furthermore, this study has been carried out in clinical practice conditions, not in a controlled clinical trial with strict time points. However, the employed conditions are closer to real life and therefore reflect clinical practice, which in itself varies depending on different countries and health systems.
In conclusion, the CushingQoL questionnaire appears to be a useful and promising tool for the evaluation of HRQoL in CS patients in clinical practice due to its simplicity, reduced number of items, and ability to detect clinically relevant changes over time. Next to it being feasible, reliable, and valid, we have now demonstrated that the CushingQoL questionnaire has good test-retest reliability and sensitivity to change.
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